Abstract
3

IMPORTANCE
44
In this study, we genetically modified a methylotrophic bacterium in order to channel 45 intermediates of its overflow metabolism to the C4 carboxylic acid 2-hydroxyisobutyric acid, 46 a precursor of acrylic glass. This has implications for biotechnology, as it shows that reduced 47 C1 substrates, such as methanol and formic acid, can be alternative feedstocks for producing 48 today´s commodities. We found that product titers and yields depend more on host physiology 49 than on activity of the introduced heterologous function modifying the overflow metabolism.
50
In addition, we show that fitness of recombinant strains substantially vary when expressing 51 orthologous genes from different origin. Further studies are needed to extend the overflow 52 production phase in methylotrophic microorganism for the implementation of 53 biotechnological processes.
Introduction
57
To entirely replace petrochemical processes relying on fossil resources in near future, the 58 development of a bio-based economy, involving the production of industrial bulk chemicals 59 by genetically engineered microorganisms, becomes increasingly important. In this 60 connection, key platform chemicals producible in commercialized microbial fermentation 61 processes have been announced, including succinic acid, lactic acid, 3-hydroxypropionic acid, 62 and ethanol (1, 2). However, due to the discovery of 2-hydroxyisobutyryl-CoA mutase 
113
The exceptional metabolism of this bacterium was not completely elucidated until recently 114 (21, 22) . Aside from the serine cycle used for assimilation of methanol via methylene- properties, strain AM1 seems to be a suitable candidate for 2-HIBA production via RCM.
123
In order to establish a biotechnological 2-HIBA production route via the bacterial PHB 
Materials and Methods
135
Chemicals, bacterial strains and growth media. All chemicals were of analytical or HPLC 136 grade and purchased from Th. Geyer (Renningen, Germany). 2-Hydroxyisobutyryl-CoA,
137
(R)-3-hydroxybutyryl-CoA, and (S)-3-hydroxybutyryl-CoA were synthesized from the 138 corresponding free carboxylic acids and CoA via thiophenyl esters as described before (25).
139
The bacterial strains, plasmids, and primers used in this study are listed in primer. The cDNA directly served as template for RT-qPCRs in triplicates using the iQ SYBR
267
Green Supermix and the CFX96 real-time system (Bio-Rad 
Results
278
Kinetic parameters of purified RCM from B. massiliosenegalensis JC6. After 279 heterologous expression of the putative mutase genes rcmA and rcmB from strain JC6 in 280 E. coli ArcticExpress and purification via affinity chromatography, the molecular weight and 281 purity of the proteins were controlled via SDS-PAGE (see supplemental material, Fig. S1 ).
282
Following the assembly of both subunits in activity assays, the enzyme could be shown to cultivation proceeded quite differently (Fig. 4) (Fig. 4) . However,
373
both strains equally exhibited the highest specific activity within the PHB production phase.
374
And, during stationary phase, the activities decreased to about 50% of the maximal value. Table 1 showed an up to 4.8-fold increase within the PHB production phase from 52 h to 72 h.
396
However, during stationary phase, the expression ratios of these genes also decreased about on fitness have to be tested. Therefore, besides P mxaF and P lac , a couple of other promoters phase and, although expression of the RCM genes were kept at higher levels than the above-505 mentioned metabolic genes, only small amounts of 2-HIBA were still produced at that time.
506
This restriction is apparently not due to cellular limitations, as PHB content did not exceed 507 29% which is clearly below maximal values of up to 42% attained with AM1 wild-type (47).
508
Rather there must be a yet unknown regulation, resulting in a time-dependent termination of 509 overflow metabolism, likely on both transcript and enzyme levels. feedstock and the serine cycle as assimilatory route, as it directly yields the 3-hydroxybutyryl-
537
CoA precursor acetyl-CoA (Fig. 2) 
